The present article sought to address the issue of shared management of water resources among sovereign states in Latin America, focusing on the hydrographic basin of the River Plate. The methodology of the Transboundary Waters Assessment Programme for river basins proposed by the United Nations was used to evaluate risks within current and future scenarios. The results obtained allow the inference that the River Plate basin is in a moderate-risk category. However, high and very high risk values were observed for the pollution, dams and economic reliance indicators, which in the future horizon could promote conflicts regarding water resource use. In conclusion, states should establish their priorities and clear rules for monitoring, use and surveillance of water. This process should be done in an integrated manner, with due regard for international arrangements, and should be compatible with the policies and management instruments of the countries involved.
Introduction
It is widely recognized that water resource issues are directly and indirectly related to social, economic and environmental factors and, thus, play an important role in development [1] .
The small portion of freshwater that is suitable for human consumption demonstrates the need for sustainable use of reserves. Over the past five decades, these reserves have undergone drastic quantitative and qualitative reductions. These reductions have especially been due to population growth, major expansion of industrial capacity and direct discharge of untreated domestic, industrial and agricultural effluents.
The risk of future global climate changes, i.e. additional warming of the planet, may alter the hydrological cycle and, thus, the water-resource regime and water availability in different hydrographic basins [2] .
The water-resource potential and climatic characteristics of Brazil provide it with a significant advantage, in global comparisons. Brazil has the largest availability of renewable freshwater on the planet, and is a member of a privileged group of seven countries (Brazil, Russia, Canada, China, Indonesia, United States and Bangladesh), which together hold 50% of this availability. The remaining 50% is shared by another 154 countries, among which 92 countries, with the lowest proportions of renewable freshwater availability, together hold only 5% of this portion. These numbers demonstrate how water is badly distributed.
Control and management of natural resources also involve issues relating to international law, such as sovereignty and territory. Thus, management of water resources at and across national borders deserves particular attention, especially in Brazil, which shares 88% of its water potential [3] .
The objective of the present study was to provide an overview on the issue of water resource management in river basins at and across national borders by applying the methodology proposed by the river basins component of the Transboundary Waters Assessment Programme (TWAP). The River Plate basin was used here as a case study.
Challenges for Management of Shared Waters
The ministerial declaration established at the second World Water Forum, in The Hague, in 2000, indicated that the following items should be of main concern in this new century: meet basic needs; guarantee food supply; protect ecosystems; share water resources; administer risks; value water; and administrate water sensibly. At this forum, the ministerial declaration excluded the term international waters, which had been a point of concern for countries with abundant water resources, such as Brazil. The expression was replaced by boundary and transboundary rivers.
The notion of boundary and transboundary waters extends hydrological interdependence beyond national borders, thereby establishing a link among users in different countries within a single system. One of the great human development challenges that the international community faces is to manage this interdependence [4] . As the relationship between water availability and water demand becomes smaller, boundary/transboundary competition for sharing water resources increases [5] .
Water is widely shared between nations, regions, ethnic groups and communities. The consumption of water upstream determines the options downstream regarding management, thus creating scenarios for either dispute or cooperation.
The number of transboundary river basins has tended to increase with political changes ("internationalization" of basins) or through better mapping technologies. According to [6] , 286 shared basins were delineated.
One frequent situation in water resource management is comparison between availability and demand for water in a hydrographic basin. Demand is calculated according to the current and future use of the water. Availability is the supply of water provided by the basin, which depends on the natural characteristics of the basin and on the climate in the region, and can be altered through creation of reservoirs or through transposing water from neighbouring basins [7] .
Geopolitical conflicts regarding management of transboundary water basins have always existed. The Portuguese language reflects these ancient roots: "rivalidade" (rivalry) comes from the Latin word rivalis, meaning "he who uses the same river as the other". Countries or provinces that are neighbours across a river ("riparian") are frequently rivals regarding shared water. The term "conflict", from the Latin conflictu, has the meanings of "discussion", "disorder", "opposition" or "critical moment". According to [8] , a conflict is a collision of interests. According to [9] , conflict is competition for a scarce resource. [10] , in turn, defined conflict as a natural divergence that arises from coexistence of people or groups that differ in attitudes, beliefs, values or needs.
Conflicts arising from direct use of water can originate from many factors, such as: variability of availability of water and uncertainties regarding its occurrence; disparity in levels of development and use of water resources among neighbouring nation-states; need for food security and self-sufficiency; growing scarcity of water resources as a consequence of increased demand and use; decreased water quality resulting from human activities; interdependency among several water users; and organization of nations that does not coincide with the geography of the water. [11] Observed that the most significant conflicts involving transboundary waters occur due to disputes regarding their use, pollution issues and equal access to resources in situations of either absolute or relative scarcity. Regarding equal access, [12] noted that most issues concerning water allocation are defined either through market solutions or through cooperative joint development of projects [13] .
In water markets in which the value of water is established through the laws of the free market, users who make use of the asset with greater economic efficiency buy the usage rights of other users who do so with less efficiency. Despite the advantages of these markets, most countries do not adopt this system because of the complexity of creating the necessary conditions for it to function adequately. [14] highlighted the experiences of the western United States and Chile. These examples demonstrate that for these markets to work well, government intervention is still highly important.
In turn, [15] identified that the difficulties in managing boundary and transboundary water resources relate to the nonexistent or incipient nature of institutional arrangements and international deals aimed towards shared management; to deficiencies of knowledge regarding hydrological and climatic phenomena and their influence on water availability; to differences that exist between demand characteristics and current and future water-resource interventions; and to the policies and management instruments for water resources and the institutional and legal frameworks of the various countries that share these water bodies. Moreover, institutional arrangements, composed of bodies from different countries, have not been structured for integrated management of water resources in which hydrographic basins serve as management units. There are also gaps in scientific knowledge, which generate uncertainties regarding evaluations of water availability and forecasting of critical events, such as rainy and dry periods. In addition, the characteristics of the economic activities and socioeconomic development stages of countries with transboundary water bodies give rise to differences in demands and water-resource interventions.
Thus, the directives for assigning priorities of attention are different. ANA also observed that countries have different legal provisions, water-resource policies and degrees of implementation of water management systems, which makes it more difficult for management instruments and practices to become integrated and compatible. Consequently, the institutional framework generally lacks executive and deliberative organizations that are capable of applying water resource management instruments in an integral manner [15] . This situation creates the need for a process of negotiations and building of consensuses.
The issue of shared water resources is in fact one of the most ancient themes of diplomacy, because it relates not only to use of hydric resources, but also to sovereignty of nation-states. The multiplicity of factors involved in this issue shows that if it is addressed from an international perspective, Brazil's vital interests are put into play [16] . Water resource management at the transboundary basin level requires that the basin should be considered to be a single planning and management unit. This implies not only that the water resources shared between nation-states along the course of the river, but also all the components associated with the territory should be taken into consideration. Thus, there is a need to advance towards an economic-social ecosystem-based conception for integrated management of natural resources at basin level, through the understanding that a transboundary hydrographic basin consists of a territory belonging to riverine states that share a common hydrological system [17] . [18] reported that the following instruments should be used for integrated management of water resources: evaluation of water resources (comprehension of resources and needs); plans for integrated water resource management (IHRM) (combination of development options, use of resources and human interaction); demand management (more efficient use of water); social change instruments (promotion of water-oriented civil society); conflict resolution (dispute management and guaranteed shared use of water); regulatory instruments (allocation and limits to water use); economic instruments (value and price used for efficiency and equity); and information management and exchange (improvement of knowledge to enable better water management).
This array of instruments demonstrates that integrated management of transboundary basins establishes challenges of administrative, legal, cultural, institutional and economic nature [19] .
The transboundary theme is essential within the Brazilian context, considering that, in addition to the thousands of kilometres of terrestrial borders with 10 other countries, nearly 60% of the national territory is within hydrographic basins that extend into neighbouring countries. According to [20] , Brazil is part of two major hy-drographic systems: the Amazon basin and the River Plate basin, sharing its waters with seven and four countries, respectively. In the River Plate basin, Brazil is the upstream sovereign state, which allows this country to sometimes hold opposing positions to those held for the Amazon basin in international agreements regarding freshwater, as illustrated in Figure 1 . These different geographic positions cause Brazil to defend the hypothesis that rules for environmental management and planning of these areas cannot be defined within multilateral international agreements. This could perhaps explain why negotiations that involve transboundary rivers have developed within the field of bilateral treaties [21] .
In a global survey of boundary and transboundary interactions, a total of 1,831 interactions between nationstates were observed, of which 507 were identified as conflictive, 1,228 cooperative and 96 either neutral or insignificant [22] . However, as observed by [23] , cooperation does not always result from proactive action: most of the time it is reactive, especially if there is conflict regarding the amount of water used or sovereignty interests. It can also be reactive when it relates to hydraulic construction projects, which almost exclusively involves the course of the river and not the hydrographic basin. The issue of hydroelectric exploitation is of particular importance given that in relation to either granting the use of water resources to an institution or company or authorizing potential use of hydraulic energy, ANA restricts the hydroelectric use to the monthly mean flow rates corresponding to the difference between the natural flow at the location of the enterprise and the consumption upstream from it [24] . This means that all water use upstream from the enterprise will be restricted to the values granted by ANA. In the case of transboundary rivers (such as the River Madeira with the hydroelectric projects of Jirau and Santo Antonio), the possible conflicts that come from this restriction may assume international proportions [25] .
Methodology
The present study followed the methodology proposed by the Transboundary Waters Assessment Programme (TWAP), which was created by the Global Environment Facility (GEF) as the first evaluation of transboundary water resources in the world [26] .
The programme enables verification of the status of each transboundary basin by means of indicators, through simulating scenarios for the baseline and for the years 2030 and 2050. Five groups of systems are taken into TWAP-RB uses methodology that involves a certain number of indicators, by means of comparative analysis between basins. Five thematic groups were identified as relevant for populations and for ecosystems: amount of water, water quality, ecosystems, governance and socioeconomics. The evaluation establishes relative levels of risk that range from 1 to 5, as described in Table 1 .
Results Achieved
The River Plate basin was simulated using the TWAP-RB portal. This basin combines territories in Argentina, Brazil, Bolivia, Paraguay and Uruguay, and was considered in terms of sub-basin units (basin country unit, BCU). The evaluations of risk scenarios that were obtained for the baseline are described in Table 2 .
The TWAP-RB does not necessarily simulate the same indicators for the projected scenarios of the years 2030 and 2050 as were used for the baseline. Thus, we chose to present the results relating to the "amount of water" and "governance" thematic groups for these projected scenarios separately in Table 3 . Legend: (A1) human water-resource stress; (A2) environmental water-resource stress; (B) wastewater pollution; (C) impacts caused by dams; (D) water-resource policy tension; (E) economic reliance on water resources. Legend: (A1) human water-resource stress; (A2) environmental water-resource stress.
Based on Table 2 and Table 3 , we can infer that the River Plate basin is within a moderate category of risk. However, the baseline scenario presented high and very high risk categories for the pollution, dams and economic reliance indicators, which in the near future could promote conflicts over the use of water resources.
Conclusions
Boundary and transboundary water resources do not respect political boundaries. However, they are crucial for development and become pressure points in regions where water resources are scarce and distribution is unequal.
There are now many treaties and agreements, as well as studies, in which the objective is to define and improve strategies for improvement of governance. However, even though these treaties and agreements address sectorial issues such as water transportation, hydroelectric use and water use in some portions of rivers, they are not consonant with integrated management of water resources, because sometimes they establish generic criteria and procedures.
Since the theme of boundary and transboundary water resources fits within the scope of sovereignty, it is appropriate that states should establish their priorities and that, in a combined and consensual manner, they should establish clear pacts and rules for monitoring, use and surveillance of water. This process should be carried out in an integrated manner, with due regard for international agreements, which should be compatible with the policies and management instruments of the countries involved.
Therefore, for all these issues to be addressed, bodies and entities that deal with water-related issue in these basins need to combine efforts in order to consolidate boundary and transboundary water management. This should begin with capacitation and qualification of personnel for addressing issues relating to water-resource policies that may arise.
